Résumé. 2014 On étudie le problème magnétoélastique posé par une paroi de Bloch à 90° en zig-zag dans le fer. Paroi 
1. Introduction. -Zig-zag 900 (110) Bloch walls in iron were first observed by Chikazumi and Suzuki [1] by Bitter pattern techniques and later by Polcarova and Lang [2] using X-ray topography. The zig-zag shape occurs in wall segments symmetrically inclined with respect to the (110) plane.
Chikazumi et al. [1] , Kaczer and Zeleny [3] explained this decomposition as due to the dependance of the surface energy of the wall as a function of its crystallographic orientation. Taking into account the anisotropy and the exchange contribution only, in the computation of the total energy, they found that the equilibrium position of the wall is 280 away from the (110) plane. This is in good agreement with their experimental results.
Nevertheless, we must bear in mind that the 90°w all parallel to a (110) plane, which can be analysed as a pure twin boundary, is the only wall which does not give rise to far reaching stresses. In other words, as soon as the equilibrium position of the wall segment is not along (110) we must add the effect of magnetostriction. It follows that a (100) 90° Bloch wall is not stable by itself. Nevertheless, in special cases, e.g. for magnetic structures induced by bending [4, 5, 6] we do need such (100) walls. We shall study the effect of a decomposition, as previously mentioned by Labrune and Kleman [6] , on the stability.
The aim of this paper is to study in both cases the role played by the magnetostrictive contribution. The total internal strains attached to the decomposed (110) or (001) 900 Bloch wall are determined by the use of the theory developed by K16man and Schlenker [7] and K16man [8] ( § 3). The energy and stability of such junctions, crystallographic orientation and periodicity, are discussed in § 4 and 5. The knowledge of the strains and curvatures allows us to develop a semi-quantitative study of the contrast observed by X-ray topography ( § 6).
2. Decomposed Bloch walls : a necessity. -Several authors [1, 3, 9, 10] have computed the energy of a 900 Bloch wall versus its crystallographic orientation. They take into account i), the anisotropy contribution inside the wall where the magnetization is no longer along an easy axis and ii), the exchange energy since, in the wall, the direction of the magnetization changes from point to point. The results of this calculation are plotted in figure 1 (full line). The surface energy y, increases continuously when the crystallographic plane of the wall changes from (001) to (110 Neel [9] , a (110) wall is the only wall which does not give rise to far reaching stresses and should therefore be the stable configuration. As far as the (110) 900 Bloch wall is concerned, the observations [1, 2, 3] did show that the real configuration is made of wall segments symmetrically inclined with respect to the (110) plane (see Fig. 2 ). Chikazumi [1] In the axes linked to the wall (Fig. 4) one finds
The strains due to the half wall are then given by Kleman [8] all the other terms being equal to zero. PB = PB: In order to derive the contribution of the wall segment AB we must substract the contribution given by the infinite wall limited at point A.
We finally obtain, for the wall AB, the following expressions for the strains at a given point P : -where PA = PA and ai = 0' -B 0", A the subscript i is relative to the zig-zag ABC.
Similar expressions have been already obtained by
Miltat in the case of fir-tree patterns [12] . Details of the complete calculation of the strains and curvatures due to a wall segment can be found in that paper [12] . 4. Only the e+13 term in equation (3) We notice that the periodicity of the strains is equal to the periodicity of the zig-zag, and that there are two kinds of strains. i) Singular strains on the junction which acts as a disclination. -The rotation vector of this disclination is Q = ± 3 Aioo sin (p cos qJ and is perpendicular to the line and lies along the OY direction. The disclination is therefore of twist character [8] . This rotation vector is opposite from one line to the other.
ii) Discontinuous strains on the walls which act as Somigliana walls [13] The additional following remarks may be made : -As stressed out in point i) the strain fields come from a row of parallel quasi-twist disclination lines of alternate signs. This means that the long range stresses are rapidly screened.
It was shown [14] that surface relaxation has to be taken into account since disclination stress fields vary slowly with distance and that the relaxation term plays an important role for the contrast of such defect. The geometry of the sample is drawn in figure 8 . The entrance and exit side for the X-rays are parallel to a (001) plane (i.e. X = const. plane) and contain the extremity of a wall segment. Moreover, we assume that the sample is infinite along the Y and Z directions.
It then appears that the only stress to be relaxed is 0'{3 = 2 /lei3. According to equation (4), we do see that the e..t3 term, plotted in figure 6 , is equal to zero in all planes X = constant which contain a junction.
Thus, as far as relaxation is concerned, the model fits reasonably well. indicate the directions of propagation of the X-ray. ii) In the vicinity of the wall I x I 10 um, the effect of the zig-zag results in a decrease of the strains, except on the junction (curve 4 of figure 11 ). 4 . Energy and stability of (110) decomposed Bloch walls. -A calculation of the total energy of 90° Bloch wall and of the equilibrium orientation and periodicity needs to take into account the magnetoelastic energy and also the edge energy; i.e. the exchange and magnetostatic terms coming from the junction of walls. These contributions will be added to the classical wall energy studied in § 2. The minimization of the total energy with respect to d and (p will give the real equilibrium conditions. Let us notice that a crude estimation of the periodicity d has been already given by Kleman et al. [7] assuming that the facet walls were parallel to (111) planes. These results clearly show that a zig-zag shape decreases considerably the value of the energy of the wall. They are not basically different from those found by Chikazumi [1] figure 8 ).' The elastic relaxation problem therefore needs to be considered on the (001) plane only (surfaces of the sample), a condition which is well satisfied.
STRAINS ASSOCIATED WITH
On such samples, with T = 100 gm and 300 um respectively, Polcarova and Lang [2] find an average value of 13 gum for the periodicity of the zig-zag in both cases. No accurate measurement is made concerning the angle 9. Nevertheless, from the topographs shown we can estimate it to be roughly equal to 60°.
The theoretical results fit reasonably well with these experiments.
The magnetic structures studied by Chikazumi et al. [1] and Kaczer et al. [3] According to their figures, number 8 for ref [1] and no 4 for ref. [3] , the periodicity of the zig-zag varies from 7 to [9] that a (001) 90° wall is not stable by itself. Nevertheless this wall is observed in some magnetic structures induced by bending [4, 5, 6] .
We intend to show here that the energy associated with such wall is prohibitive while a zig-zag shape can decrease it slightly. The contributions are twofold. First the usual surface energy term y ( § 2), which according to the geometry of figure 3 is computed per unit area parallel to a (001) plane, is equal to y/cos T. This term is plotted in figure 16 curve (a).
It is minimum for (p = 0 i.e. a flat wall parallel to (001) and increases when the wall zig-zags. Second, the magnetoelastic term. We have seen in § 3 that the main strain component is the e23 one. This component, as shown in figure 10 , does not decrease with distance from the wall. We must therefore limit the volume where we compute the magnetoelastic energy. On the other hand, the effect of zig-zagging is to decrease the stresses in the vicinity of the wall only, Iby limiting arbitrarily the range of the stresses to 50 um from the wall (it is the case of an isolated 900 (100) wall in a (100) platelet 100 J.1m thick). Unlike the results of ref. [6] , the periodicity of the zig-zag, d, does not have an important effect on the energy, in the range 10 to 50 J.1m. In this case the edge energy, computed in the previous case ( § 4), is considerably smaller than wm.,,,. and will be neglected. The total energy is drawn in curve b of figure 16 . We clearly see that the energy is slightly decreased for a zig-zag wall.
However, the minimum energy for ( Fig. 8 ). We use two parameters : -the effective misorientation [16] defined by where k = I/A, A wavelength in vacuo, OB Bragg angle, alash means the derivative in the direction of the reflected beam, g is the reciprocal lattice vector, u is the displacement vector and a qualitative characteristic of the deformation gradient [17] where ðlðSo is the derivative in the direction of the incident beam.
As Polcarova and Kaczer [18] first pointed out, the contrast of magnetic walls is mainly due to magnetostriction. Assuming a flat 90° wall : (110) plane which is a coherent twinning boundary between two adjacent domains (I, II) freely deformed by magnetostriction, they showed that for a diffraction vector g so that (MI -M1J. g = 0, no contrast is observed. Besides, Polcarova and Lang [19] showed that for a translation topograph with g = [110], the incidence plane being parallel to the average plane of the wall, the 900 wall is seen through a narrow contrast line which is usually whiter than the background. If the specimen is tilted around g, the wall now appears as a band of width T sin fl (T : specimen thickness, fl = angle of tilt, see figure 8b), the contrast of which, under intermediate absorption conditions is black (white) if 6(AO)l -ð(LBO)II is positive (negative). As before, the contrast properties are well explained, regarding 900 (110) walls as coherent twin boundaries. Finally, the same authors [2] clearly showed for tilted specimen fringes in the images of 90° (110) [18] .
ii) g ALONG [110] , the plane of incidence is parallel to (110).
ii) A) We shall first take into account the contribution to the total contrast due to the junctions. -(a) The direct image. -Authier [16] has shown that the width of the direct image of a defect is approximately determined by the dimension of the region around the defect where 6(AO) &#x3E; pb; according to the results given by Miltat and Bowen [21] for dislocations in silicon : 0.5 p 1.5. For Fe 3 % Si, the width of the rocking curve 6 is equal to 4.5 x 10-5 rad and 10-4 rad for MoKa and CoKa radiation respectively. Here, the junction contribution is given by the effective misorientation which reads ð(LBO) = e:3 + W:3 where the wij+ tensor is given by the knowledge of the curvatures Kit, defined as Kij = w:. and gklj K.. = eyk -e 7"k I. Thus the misorientation is equal to b(AO) = 2 e:3.
According to the equi -e 3 curves drawn in figure 6 , no direct image is expected as already pointed out by Miltat [12] .
(b) The intermediary image. -It is well known [ 17] that in the zone around the defect where G is greater 
